Introduction: Long-term studies have documented the successful treatment of edentulous and partially edentulous patients with endosseous titanium implants. Success rates between 81% and 93% have been reported. Successful treatment with endosseous implants is dependent upon a complex relationship of numerous factors. Bone density and implant stability are important factors for implant osseointegration which has been widely demonstrated by several authors. Objectives: This study was designed to evaluate the correlation between bone density estimated by Cone-Beam Computed Tomography (CBCT) and stability of dental implants estimated by resonance frequency analysis using Osstell ISQ. Materials and methods: Ten dentis s-clean tapered implants were inserted in posterior mandibular edentulous spaces in ten adult patients. The bone density of implants recipient sites were determined by density value (HU) using CBCT. And the implants' stability were determined by quantitative unit called implant stability quotient (ISQ) measured by resonance frequency analysis using Osstell ISQ. Both values were determined immediately post-operatively and on intervals of 3&6 months. Results: The mean implant stability value was 67.3 ± 9.14 immediately post-operatively, then increased on the 3rd month to be 72.3 ± 3.95 & 75.2 ± 5.33 on the 6th month, there was a statistical significant increase. Also the results of the present study showed that the mean bone density value was 827.96 ± 206.85 immediately post-operatively, then increased to 890.67 ± 138 & 1018.0 ± 149.79 on the 3 rd and 6 th months respectively, there was a statistical significant increase.
INTRODUCTION
Osseointegrated dental implants have become an important therapeutic modality since the last decade with success rates ranging between 90%-95% in healthy patients. Still failures of up to 10% are still encountered. In general, these failure rates have been associated with poor bone quality and/or quantity and lack of stability of the implant (1) (2) (3) .
Bone quality can improve around a functional osseointegrated dental implant due to the positive bone stimulation, the more bone that is present at an implant site, the better the possibility for implant success. Bone quality can be described by factors other than bone density such as skeletal size, the architecture and 3-dimensional orientation of the trabeculea, matrix properties, mineralization and structure (3, 4) . Several approaches such as densitometric measurements, dual energy X-ray absorptiometry, computerized tomography (CT) and dental cone-beam CT In the last years, cone beam computed tomography (CBCT) became widely used for oral and maxillofacial imaging providing a good spatial resolution, gray density range, and contrast, as well as a good pixel/noise ratio (5) (6) (7) (8) .
Implant stability is a combination of mechanical and biological stability; mechanical stability is the result of compression of bone tissue during implantation (primary stability), while biological stability is the result of newly formed bone cells, which are created on the implant surface during the osseointegration process (secondary stability) (9-13).
Various methods were used for implant stability testing such as histomorphologic research, tensional test, pushout/pull-out test and removal torque test, which are classified as destructive methods. Non-destructive methods include percussion test, cutting torque test while placing implants, Periotest® (Siemens AG, Benshein, Germany), and resonance frequency analysis (RFA) (14) .
Resonance frequency analysis has been introduced to provide an objective measurement of implant primary stability and to monitor implant stability over the healing period using Osstell ISQ (10, (15) (16) (17) (18) .
This study was designed to evaluate the correlation between bone density estimated by Cone-Beam Computed Tomography (CBCT) and stability of dental implants estimated by resonance frequency analysis using Osstell ISQ.
MATERIALS AND METHODS
A clinical trial was conducted on ten adult patients of both sexes (6 males and 4 females) having missing mandibular posterior teeth indicated for implant rehabilitation. The patients were selected from the Out Patient Clinic of the Oral & Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University.
The inclusion criteria of this study were; patients' age ranging from 20-50 years, adequate vertical distance between the alveolar crest and the inferior alveolar canal to accommodate a minimum 8 mm length implants and good Alexandria Dental Journal. (2015) Vol.40 Pages:15-21 oral hygiene. While the exclusion criteria were; inadequate interocclusal space, parafunctional habits such as bruxism and clenching, uncontrolled systemic diseases such as uncontrolled diabetes and osteoporosis, chemotherapy or radiotherapy and heavy smokers.
The dentis system implants (Dentis s-clean tapered system, Woram-Dong, Dalseo-Gu, Daegu, Korea) with different diameters (3.7, 4.1 and 4.8 mm) and lengths (8, 10, 12 and 14 mm) were used in this study, and Osstell ISQ was used for measurement of implant stability.
Osstell ISQ (Osstell AB, stampgatan, Goteborg, Sweden) consists of Osstell ISQ instrument, probe, charger, USB cable and test peg.
The system includes the use of a SmartPeg™ attached to the dental implant by means of an integrated screw. The SmartPeg is excited by a magnetic pulse from the measurement probe on the handheld instrument. The resonance frequency, which is the measure of implant stability, is calculated from the response signal. Results are displayed on the instrument as the implant Stability Quotient (ISQ), which is scaled from 1 to 100. The higher the value, the more stable the implant.
All patients underwent pre-operative clinical examination: Patients' data were collected; name, gender and age, medical and dental histories were taken and the oral mucosa of the edentulous area was examined for color, texture, firmness and thickness. Also all patients underwent pre-operative panoramic radiograph examination to determine the size of the implants, their relation to adjacent structures, to measure the amount of vertical height of bone above the mandibular canal, and to evaluate the condition of bone. (Fig 1) Preoperative oral antibiotic one hour before surgery was given (Amoxicillin/clavulanic acid 2 gm) and 0.12% chlorohexidine gluconate mouth wash was used to rinse for 30 seconds before operation.
With the patient under local anesthesia a full thickness mucoperiosteal envelope flap was raised , surgical stent was fitted in the patients' mouth, osteotomy was carried out in the central part of the alveolar bone, the initial marking or preparation of the implant site was done with a pilot drill of 2.2 mm, the osteotomy was then widened using an intermediate drill and the final drill according to the diameter of the implant, the implant was then threaded into the bone using a Ratchet, the SmartPeg™ was attached to the dental implant, the implant stability was measured by Osstell ISQ then the cover screw was placed, and the flap was sutured around the fixtures using 3/0 black silk suture. (Fig 2) All patients were advised to apply cold packs extra orally intermittently every 10 minutes for 2 hours on the first day, chlorohexidine mouth wash was started on the 2nd post-operative day 3 times daily for 2 weeks, the sutures were removed after one week post surgically. Antibiotic (Amoxicillin/clavulanic acid 1 gm tab), 2 times daily for 5 days, non-steroidal anti-inflammatory drugs (ibuprofen 400 mg , EIPICO, 10th of Ramadan city, Egypt), 3 times daily for 3 days were given.
All patients were evaluated immediately postoperatively and on intervals of 3 & 6 months, for presence of pain, swelling or infection using Visual Analogue Scale (VAS) (19) , gingival inflammation using the Löe and Silness Gingival Index (20) on the 2nd and 7th postoperative days and implant mobility was tested according to Mickney and Koth (21) , then the implant stability measurement was examined at the time of insertion and on intervals of 3 and 6 months postoperatively using the Resonance Frequency Analysis via the Osstell ISQ system.
All the implants involved in this study were radiographed by CBCT immediately post operatively and on intervals of 3 & 6 months to assess the bone density around the implants, exposure was performed using "veraviewepocs 3D R100" at 8 MA, 90 KV and at a proper field of view. Densitometric analysis was performed around dental implants on CBCT image at these 3 time intervals using the "Ondemand 3D"software supplied with the previously mentioned machine. This analysis gives the actual bone density around the immersed dental implant that proves the process of osseointegration. (Fig 3) Final prosthesis (porcelain fused to metal crown) was placed after three months.
The statistical analysis was performed to evaluate the correlation between bone density values and ISQ values immediately post-operative and on intervals of 3 and 6 months.
RESULTS
Ten implants were placed in a total of ten patients (4 females and 6 males) having missing mandibular posterior teeth were included in this study. Their ages ranged between 20 and 50 years with mean age of 35 years. They were selected from the Outpatient Clinic of the Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University. All patients had undergone surgical procedures for delayed implant placement and loading. All patients were followed up both clinically and radiographically for 6 months.
All patients had been operated under local anesthesia using surgical flap technique and implant placement, and no Alexandria Dental Journal. (2015) Vol.40 Pages:15-21 1) Pain, tenderness, infection and/or swelling after surgery; all patients experienced slight to mild pain at the surgical site. Four had slight pain and showed mild oedema which subsided totally by the 2 nd post-operative day. Two others had mild pain and mild oedema which also disappeared completely by the 2 nd post-operative day. Four patients experienced mild pain and moderate edema, which subsided totally by the 4 th post-operative day. All patients continued the follow up period without any signs of infection, gingivitis, or peri-implantitis.
2) Gingival Index; no signs of gingival inflammation were observed in all patients. (i.e. gingival index score was 0)
3) Implant mobility; all over the evaluation period, none of the implants showed any signs of mobility (i.e. mobility score was 0). 4) Implant Stability Evaluation; immediately postoperative, the mean implant stability value was 67.3 ± 9.14 (that value is known as primary stability) with a minimum recorded value of 56.0 and a maximum recorded value of 83.0. On the third month, the mean implant stability value was 72.3 ± 3.95 with a minimum recorded value of 65.0 and On the third month, the mean peri-implant bone density value was 890.67 ± 138.31 with a minimum recorded value of 715.38 and a maximum recorded value of 1123.0.
On the sixth month, the mean peri-implant bone density value for the study group was 1018.0 ± 149.79 with a minimum recorded value of 805.85 and a maximum recorded value of 1218.14.
The mean bone density on the 3 rd postoperative month showed no significant difference when compared with the immediate postoperative measurements (p = 0.151). While, the mean bone density was statistically significant on the 6th month postoperatively when compared to the immediate postoperative measurements (p <0.001). Also, the mean bone density was statistically significant on the 6 th month postoperatively when compared with the 3 rd month postoperative measurements (p = 0.001). (Table 2 Correlation between implant stability and bone density: The analysis of the effect of bone density on the implant stability showed that there was no statistically significant relationship between the implant stability and bone density in any of the follow-up periods (p=0.62, p=0.19, p=0.37). (Table 3) 
DISCUSSION
The successful treatment of dental implants depends on the concept of osseointegration introduced by Branemark which implies the structural and functional contact between the implant and the surrounding vital bone (22) . Bone density and implant stability are important factors for implant osseointegration which has been widely demonstrated by several authors (23 Therefore, the present study was designed to evaluate the correlation between the bone density and the stability of dental implants in the posterior region of the mandible.
In this study 10 patients with missing mandibular posterior teeth were selected from the Outpatient Clinic of the Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University. The selected patients were free from any uncontrolled systemic diseases or conditions that may complicate the surgical procedure or the healing process of the implant. This was following a study performed by Bornstein et al in 2009 (24) where they reviewed whether systemic diseases with/without systemic medications increased the risk of implant failure and therefore diminish the success and survival rates of dental implants. They stated that the level of evidence indicative of absolute and relative contraindications for implant therapy due to systemic diseases is low.
CBCT was used to measure the bone density because of its accuracy, lower radiation exposure and fewer cost compared with CT .This was following a study performed by Cassetta et al in 2014 (25) where they scanned twenty dry mandibles with CBCT and conventional CT to evaluate if there is a statistically significant difference between the bone density values they produce, defined as gray density values and to determine any correlation between them. They concluded that the lower radiation dose and reduced costs of CBCT make this a useful substitute for CT, however, they stated that in order to more accurately define the bone density with CBCT, a conversion ratio needs to be applied to the voxel value.
In this study, the mean bone density increased significantly towards the 6 th month post-operative. This can be attributed to the healing of the bone around implants.
These results were in agreement with the results of AlSudani in 2014 (26) . In her study, twenty implants in the premolar and molar regions of upper and lower jaws were evaluated using CT scan to measure the bone density by using HU around dental implants and after six months after dental implant placement. The mean HU of jaw bone immediately following implant placement was 552.28 HU and increased significantly to 761.33 HU after six months statistically.
Implant stability was measured using the Resonance Frequency Analysis (RFA) via the Osstell ISQ system. RFA was chosen as a noninvasive and reliable method to assess variation in implant stability over time. RFA registrations are directly related to the stability of the implant in the surrounding bone: during healing an increase in implant stability quotient (ISQ) values presumably reflect new bone apposition at the implant-bone interface (15, (27) (28) (29) (30) (31) .
Meredith et al (15, 32) concluded that RFA is a method that can serve as a useful research technique and it is valuable in studying the behavior of implants in surrounding tissue. Also, Jaramillo et al in 2014 (33) reported that Resonance frequency analysis systems in Osstell Mentor and Osstell ISQ show almost perfect reproducibility, repeatability and accuracy.
In this study the mean implant stability value was 67.3 ± 9.14 immediately post-operatively, then increased on the 3rd month to be 72.3 ± 3.95 & 75.2 ± 5.33 on the 6 th month there was a statistical significant increase.
These results are in agreement with Huwiler et al in 2007 (34) , where they studied the resonance frequency analysis (RFA) during the early phases of healing. They concluded that during the incorporation and healing phase of the implants, the mean values for the various observation periods the ISQ values seemed to increase.
Also, the surface treatment of the implant had a role in the increase of the ISQ value in the present study during the healing period. All the implants placed are resorbable blast media (RBM) treated, in which the surface of the implant is blasted with calcium phosphate powder in order to increase cohesion of bone tissue, followed by thorough cleaning of the surface. This is accordance with Glauser et al in 2007 (35) , where they reported that implant design and surface treatment have a significant influence on soft bone.
Also, this is agreement with Kim et al in 2010 (36) where they evaluated the effects of different implant surface treatments on implant stability in dog mandibles. A total of 30 implants were placed in 5 dog mandibles. Bone quality was assessed at each site. An Osstell resonance frequency analyzer (RFA) was used to determine the stability at different periods after surgery. The results of this study suggested that surface treatments may have significant effects on the biological stability.
In this study, the analysis of the effect of bone density on the implant stability showed that there was no statistically significant relationship between these two factors throughout the study period.
These findings agreed with the results of Huwiler et al in 2007 (34) , when analyzing the morphologic characteristics of the parent bone into which the implants were placed, no correlations could be demonstrated between the ISQ values and the bone volume density and/or the bone trabecular connectivity as revealed by micro CT analysis of bone cores obtained at the time of implant installation Moreover, Farre-Pages et al in 2010 (37) , studied the relation between the bone quality and primary stability and they concluded that there was no relation between the ISQ value and bone quality.
On the other hand, Turkyilmaz et al in 2007 (38) reported that the bone density value from pre-operative CT examination may provide an objective assessment of bone quality and significant correlations between bone density and implant stability parameters may help clinician to predict primary stability before implant insertion. Alexandria Dental Journal. (2015) Vol.40 Pages:15-21 Also, Sumera et al in 2013 (39) stated that positive correlation between RFA values and bone density was found for all four regions of the jaws.
Moreover, Salimov et al in 2014 (40) reported that bone density assessment using CBCT is an efficient method and significantly correlated with implant stability parameters and Lekholm and Zarb index. Thus, it is possible to predict initial implant stability and possibility of immediate or early loading using CBCT scans prior to implant placement.
The contradiction between the results of the above studies and this study may be attributed to the use of a higher number of implants with minimum 57 implants, but in this study only 10 implants were used. Also, in their studies they used more than one type of bone according to Lekholm and Zarb classification, but in this study only one region of the mandible was selected. In addition, in their studies they correlated the bone density with primary stability only, but in this study we correlated the bone density with primary implant stability and secondary implant stability on intervals of 3 and 6 months.
CONCLUSIONS
There is no correlation between bone density and implant stability, using cone beam computed tomography is a simple method to measure bone density around dental implants and evaluate the condition of bone before implant placement and resonance frequency analysis is a reliable method to predict bone healing around implants and to measure implant stability throughout the follow up period. There is no correlation between bone density and implant stability.
